Rationale Child abuse and neglect are universal risk factors for delinquency, violence, and aggression; this phenomenon is known as the cycle of violence. Additional factors-psychopathy, impulsiveness, and disruptions in the hypothalamic-pituitary-adrenal (HPA) axis-play a role in aggressive behavior but have rarely been examined in the same conceptual and experimental framework. Objectives We sought to examine the above-mentioned risk factors for aggression in a prospective study employing psychopharmacologic and psychometric techniques. Methods Sixty-seven adult participants were given an acute dose of 20 mg cortisol in a placebo-controlled, withinsubject, counter-balanced dosing design. Salivary cortisol was measured at baseline and at regular intervals across a 5 h testing period. Following dosing, state-aggressive behavior was measured by a laboratory task, the PointSubtraction Aggression Paradigm. History of child abuse/-neglect, psychopathy, impulsivity, and a trait measure of aggression were assessed through self-report questionnaires. Results Using multiple regression, a model including abuse/neglect, psychopathy, impulsivity, and baseline cortisol explained 58 % of the variance in trait aggression and 26 % of the variance in state aggression. Abuse/neglect predicted diminished HPA-axis reactivity and HPA-axis reactivity showed a trend toward predicting state and trait aggression, although it was not a significant mediating variable between abuse/neglect and aggression. Conclusions The results indicate that child maltreatment, psychopathy and HPA-axis reactivity interact to provide a confluence over aggressive behavior, and intervention efforts need to consider all these factors.
Introduction
Child abuse and neglect present both immediate risks-over five US children die from abuse each day (U.S. Department of Health and Human Services 2010)-and a long-lasting burden on society. In the USA, the lifetime cost of abuse and neglect, including health care, foster programs and criminal investigations, is estimated at US$210,012 per abuse victim (Fang et al. 2012) . Further, children who emerge from abusive and neglectful homes face an increased risk for a wide range of physical (Widom et al. 2012 ) and mental health issues (Cohen et al. 2001 ), including higher rates of delinquency, aggression and violent crime-a phenomenon known as the cycle of violence (Caspi et al. 2002; Widom 1989) . In a seminal study, Widom (1989) notes, "the scientific issue should not be the magnitude of the association between [victimization and later criminal behavior], but rather the goal should be further knowledge of the processes involved" (p.165). Despite an extensive literature demonstrating the relationship between abuse and violence, there exists a limited understanding of the key mediating factors behind this relationship.
Both human (Gunnar et al. 2001 ) and nonhuman studies (Veenema 2009) have shown that early life stress can disrupt the hypothalamic-pituitary-adrenal (HPA) axis, leading to altered cortisol levels. Important to physical and mental health, a number of disorders are characterized by HPAaxis disruptions (Thorn et al. 2011) , notably depression and posttraumatic stress disorder, common outcomes of abuse and neglect (Cohen et al. 2001) . In humans, maltreated children had increased free cortisol excretion (the cortisol system was not directly manipulated) over a 24-h period compared to non-maltreated comparison children (De Bellis et al. 1999) . In comparison with a matched, nonabused group, females with a history of sexual abuse had a blunted cortisol response to a psychological stressor as adolescents, and this blunted cortisol response predicted antisocial behavior 7 years later (Shenk et al. 2010) . Changes in HPA axis function are hypothesized to play a role in the development of psychopathology associated with child abuse and neglect (De Bellis 2005) .
While much of the early life maltreatment literature has focused on biological outcomes that may lead to later life aggression, converging evidence from human research indicate that multiple pathways, including psychosocial and dispositional outcomes, may be key linkages (De Bellis 2005; Graham et al. 2012) . For instance, physical maltreatment of children has been causally linked to antisocial behavior (Jaffee et al. 2004 ) and is associated with higher levels of psychopathy (Graham et al. 2012) . Psychopathy is identified by a constellation of traits including callousness, interpersonal manipulation, erratic lifestyle, and criminal tendencies (Paulhus et al. 2009 ). Since psychopathy is also associated with antisocial and aggressive behavior (Hare and Neumann 2008) , it is a strong candidate for a mediating variable between early life maltreatment and aggression. Psychopathy is also marked by differences in resting HPAaxis activity (Cima et al. 2008; Glenn et al. 2011 ) and decreased cortisol release in response to a stressor compared to control populations (O'Leary et al. 2010) , providing further evidence that it is related to biological outcomes associated with child maltreatment.
Similarly, impulsivity may be associated with maltreatment (Corstorphine et al. 2007 ), but it has seldom been examined in conjunction with biological outcomes. Impulsivity is the tendency toward rapid, unplanned actions without regard to negative consequences (Moeller et al. 2001 ) and higher levels of impulsivity have been found in individuals with higher scores on a measure of psychopathy (Mathieu et al. 2012) . Further, individuals with higher measures of impulsivity have shown higher levels of aggressive behavior in laboratory tasks (Cherek and Lane 2001; Coccaro et al. 1997) . Given the relationship between impulsivity and both maltreatment and aggression, it is plausible that impulsivity may play linking role between child abuse/neglect and later life aggression in conjunction with psychopathy and HPA-axis disruptions.
Aggression is commonly studied in humans using state (e.g., laboratory tasks) or trait (e.g., psychometric questionnaires) measurements, and both may be useful in determining the relationship between maltreatment, psychopathy, impulsivity, and HPA-axis function. Aggression may be operationally defined as any behavior intended to cause harm to another person that the other person finds aversive and would act to avoid (Baron and Richardson 1994) . Human laboratory experiments have shown that oral administration of 20 mg cortisol leads to increases in aggression, but only for females (Bohnke et al. 2010b) . Further, participants with lower salivary cortisol levels measured upon awakening in the morning had higher levels of aggressive responding in a laboratory task (Bohnke et al. 2010a ). As cortisol is released from the adrenal gland and serves as the endpoint of HPA-axis activity, cortisol administration prior to laboratory aggression tasks offers a tool to examine how HPA-axis function may affect aggression. Also, because cortisol serves as a negative feedback signal for the HPA-axis, acute cortisol dosing can modulate the HPA-axis (Schlosser et al. 2010) . Blunted or exaggerated levels of endogenous cortisol in response to acute cortisol dosing may be a marker for psychopathology and heightened aggression.
It is well documented that child maltreatment increases the chance for later aggression, delinquency and violence, but it is less clear why. Specifically, the key variables and their interactions are not fully understood. While the constellation of factors described above-child maltreatment, psychopathic traits, impulsivity, and HPA-axis dysfunctionappear to present shared risk for violent and aggressive behavior, to our knowledge they have not been previously examined in a collective manner. Here we explored the cycle of the violence and potential linkages between abuse and aggression using a novel approach featuring manipulation of cortisol levels (HPA-axis reactivity) via acute cortisol administration and both laboratory (state) and psychometric (trait) measures of aggression. We hypothesized that a history of child abuse and neglect, psychopathic traits, and impulsivity would predict heightened state and trait aggression in a multiple regression model. We further hypothesized that abuse and neglect would predict altered HPA-axis reactivity, and this effect would serve as a mediator between abuse/neglect and aggression.
Methods and materials
All experimental procedures were approved by the Institutional Review Board for the University of Texas Health Science Center-Houston.
General experimental design
Adults with a range of histories of both childhood maltreatment and later life aggression, delinquency and violence were recruited from the community. Estimates suggest that 14 % of male American prisoners have a history of abuse or neglect (Harlow 1999) , whereas a representative survey of over 10,000 individuals in the San Diego health care system suggests that roughly 10 % of the general population experience episodes of physical abuse (Felitti et al. 1998) . We therefore recruited parolees and probationers as well as participants without a criminal record from the same zip code to increase the range of aggression and abuse/neglect in the sample.
To measure HPA-axis reactivity, a pharmacological challenge was employed. Each subject provided a surrogate measure for free circulating cortisol via saliva samples. Samples were collected on three separate days: a placebo dose day, a 20 mg hydrocortisone dose day, and a day where no capsules were administered. HPA-axis reactivity was measured as the difference between cortisol levels on the placebo and cortisol dosing days. State and trait measures of aggression were obtained. A laboratory behavioral paradigm (Point-Subtraction Aggression Paradigm (PSAP)) provided state-dependent measures and a questionnaire (Buss Perry Aggression Questionnaire (BPAQ)) provided trait measures of aggression. Impulsivity (Barratt Impulsiveness Scale 11 (BIS-11)), and psychopathy (SPR-III) were both assessed via questionnaire.
Participants
Potential volunteers responded to newspaper advertisements seeking either (1) individuals on parole or probation or (2) individuals over the age of 18 who drank two to 12 alcoholic beverages per week. Advertisements were placed in target zip codes in the Houston area to control for socioeconomic status and education level. Before participation, participants signed an informed consent document and underwent a standard physical examination (including blood work, ECG, and a complete medical history). Assessment of axis-I and II psychiatric disorders was conducted using the Structured Clinical Interview for DSM-IV or SCID-I (First et al. 2002) and SCID-II (First et al. 1997 ).
Inclusion criteria
Eligible participants included males and females between the ages of 18 and 55. All psychiatric and health diagnoses were reached through consensus meetings between a licensed nurse practitioner, trained counselors, and a psychiatrist (FGM). Participants had no medical (e.g., high blood pressure) or psychiatric (e.g., mood disorder) contraindications for study procedures. Past criminal offenses included drug charges, theft, forgery, burglary, assault, domestic violence, and attempted murder. Eligible participants had no psychiatric diagnoses other than substance use disorders (SUD) in remission, anxiety disorders, or personality disorders. Anxiety disorders were included because the literature suggested that victims of child abuse have a high risk for posttraumatic stress disorder (De Bellis 2005) . Participants with substance use disorders were included because they represent a significant proportion of the violent criminal population (Arseneault et al. 2000) .
Exclusion criteria
The following conditions were exclusionary due to the possibility of complications with cortisol dosing: a history of cancer, tuberculosis, HIV, AIDS, diabetes, heart problems, abnormal liver function tests, current use of CNSactive medications, seizures and loss of consciousness lasting longer than 20 min. Participants diagnosed with mood disorders, psychotic disorders, or current SUDs were excluded. Participants who smoked more than ten cigarettes per day were excluded to avoid acute nicotine withdrawal on testing days. Drug (amphetamines, cocaine, benzodiazepines, marijuana, and opiates) and alcohol use were monitored using the One Step Drug Screen Test Card (Inovacon, San Diego, CA) and Alcosensor III Breathalyzer (AlcoPro Inc., Knoxville, TN), respectively-a positive sample on testing days was exclusionary.
Demographics
Of the 74 participants initially enrolled, 67 completed the study. Seven participants did not finish because they (a) dropped out (N=4), (b) refused to comply with study procedures (N=2), or (c) were removed after they reported that the laboratory task involved deception, invalidating the results (N=1). The sample was 31.5±9.6 years old with 13.1±1.9 years of education. Forty-five (seven females) were on parole or probation, 41 (five females) had a SUD in remission, and 13 (two females) were diagnosed with antisocial personality disorder. One male met the PTSD criteria. No other participants met the anxiety disorder criteria. The mean Shipley II score of intellectual aptitude was 200.4±24.7. A score of 200 is the mean for the general population, indicating the sample was of normal intelligence (Shipley et al. 2009 ).
Procedures
Participants came to the laboratory on 4 days during the study and were paid daily, commensurate with time and earnings during laboratory tasks. On day 1, participants completed the Childhood Trauma Questionnaire (CTQ) (Bernstein and Fink 1998) , were introduced to the PSAP (described below), and completed two PSAP sessions. On dosing days (2 and 3), participants came to the laboratory at 8:00 a.m. and provided clean breath and urine samples prior to testing to ensure that no drug or alcohol use would confound behavioral results. At six time points throughout the day (8:30, 9:00, 9:50, 10:30, 11:30, and 12:30), participants provided saliva samples to measure cortisol levels and had their blood pressure and heart rate measured. All dosing was conducted in an unoccupied room. At 9:30 (between the second and third saliva measurement), participants received a small envelope enclosing a dark blue, #00 capsule prepared by a licensed pharmacist that contained either 20 mg of cortisol and corn starch or corn starch only (placebo). A research assistant watched the subject take the capsule and then verified it had been swallowed by checking the cheeks and tongue. Following dosing, participants completed three sessions on the PSAP (10:00, 11:00, and 12:00) and were then released at 1:00 p.m.
On day 4, participants filled out psychometric questionnaires and continued to provide heart rate, blood pressure, and saliva samples at the same time intervals as on dosing days in order to provide control measurements in the absence of both an external stressor (PSAP) and capsule administration.
Dosing design and capsule administration
A dose of 20 mg was selected based on previous research which found significant effects on laboratory-measured aggression at 20 mg (Bohnke et al. 2010b ) and because FDA and manufacturer recommendations suggested this dose would be safe.
Dosing was counter-balanced and double-blind. Participants were randomized to receive either placebo or cortisol first using urn-randomization software, obtained from the University of Connecticut Health Center's Project MATCH (Project MATCH Research Group 1993) , that controlled for gender and history of child maltreatment.
Point-subtraction aggression paradigm
The PSAP, based on the operational definition of aggression noted previously (e.g., Baron and Richardson 1994) , has been well-validated and used in a number of laboratories for over 20 years as a measure of state aggression (Cherek et al. 2006) . Extensive description of the PSAP can be found in Cherek et al. (2003) . A brief description is provided below.
The PSAP took place in a small room with a computer and four-button response device. The participants were told, via instructional deception, that their computer was connected through a network to another participant's computer. Three letters appeared on the screen (A, B, and C), corresponding to three buttons on the subject's response device. The stated object of the task was to earn money by pressing the A button 100 times (Fixed Ratio [FR] , 100), which added 15 cents to the subject's counter. Participants were provoked at random intervals during the session (90± 25 s apart) by a subtraction of 15 cents from their counter, which was attributed to the other person, as established in the instructions. The subject could retaliate by pressing the B button ten times (FR10), which ostensibly subtracted 15 cents from the fictitious person but did not add any money to the subject's counter. B-responding meets the operational definition of aggression (Cherek et al. 2003; Gowin et al. 2010) . The subject could also prevent subtractions for a variable period of time by pressing the C button ten times (FR10). At the end of the day, participants were given a brief questionnaire about their interaction with the other (fictitious) individuals to ensure the instructional deception was effective. Any answer indicating suspicion about the validity of the other person resulted in the subject's removal from the study. One subject was removed for this reason.
Physiological measures

Cortisol
Salivary cortisol samples were obtained at six time points (8:30, 9:00, 9:50, 10:30, 11:30, and 12:30) for a surrogate measurement of endogenous free circulating cortisol. Salivary cortisol was measured by enzyme-linked immunosorbent assay (Raff et al. 2003) . A single missing data point was interpolated by regression-based imputation (single data points were imputed for four participants). Cortisol levels less than 0.3 nmol/L were assigned the result 0.3 nmol/L for statistical analysis. From the cortisol measures at each time point, a curve was drawn to represent changing cortisol levels across time. The area under the curve (AUC G ) with respect to ground, or zero, was calculated using Pruessner et al.'s technique (2003) .
Dose preparation errors resulted in the contamination of 22 participants' salivary cortisol. Capsules were prepared by breaking hydrocortisone tablets in two and placing both halves in a capsule. For 22 capsules, cortisol from the tablet remained on the external portion of the capsule, evident by spikes in salivary cortisol 20 min after dosing (extremely rapid) that were outside the range of human endogenous cortisol levels (≥85 nmol/L) (Raff and Singh 2012) , with some measurements in excess of 200 nmol/L. The cutoff of 85 nmol/L has been employed by past studies with contamination problems to discriminate contaminated from uncontaminated samples (Raff and Singh 2012) . Salivary cortisol levels above 85 nmol/L reflected cortisol deposited in the mouth during dosing, not endogenous levels of cortisol, making it inaccurate to use these samples in analyses. These participants' salivary cortisol data were excluded from analysis on the cortisol dosing day to prevent bias or confound in the data. Thus, only 45 participants were analyzed with regard to HPA-axis reactivity to cortisol dosing. However, placebo and baseline (no dose) salivary cortisol data from all 67 participants were retained in the sample, as there was no evidence of contamination of these samples in the way of rapid spiking or extreme values.
Heart rate/blood pressure Heart rate and blood pressure were measured using a sphygmomanometer (BpTru Vital Signs Monitor, Coquitlam, Canada) at six time points throughout the day immediately after saliva collection. The sphygmomanometer cycled through six times per reading and computed the mean of the last five cycles. This information was obtained to complement salivary cortisol measurements of HPA-axis reactivity and to assess subject vitals for safety. Questionnaires 1. The Childhood Trauma Questionnaire (CTQ; Bernstein and Fink 1998) is a self-report, 28-item, likert-rated scale of history of maltreatment during childhood. With five subscales (physical abuse, emotional abuse, sexual abuse, physical neglect, and emotional neglect), it asks questions such as "People in my family hit me so hard that it left me with bruises or marks," or "I didn't have enough to eat." Based on therapists' ratings of patients' history, the CTQ has high convergent validity and sensitivity (Bernstein et al. 1994 ).
Buss Perry Aggression Questionnaire (BPAQ; Buss and
Perry 1992) is a 29-item true-false rating scale of trait aggression. It provides scores on four subscales: physical aggression, verbal aggression, anger, and hostility. The total score from this instrument has been correlated with laboratory measures of aggression (Cherek et al. 1997) .
3. The 65-item Self-Report Psychopathy Scale III (SRP-III; Paulhus et al. 2009 ) was used to measure psychopathy. Participants rate their level of agreement with statements such as "I think I could beat a lie detector" on a 1-5 likert scale. The SRP-III subcategorizes into callous affect, erratic lifestyle, criminal tendencies, and interpersonal manipulation. Either the subscales or the total score can be used as measures of psychopathic traits. 4. The Barratt Impulsiveness Scale 11 (BIS-11; Patton et al. 1995 ) is a well-validated 30-item self-report measure of impulsivity used extensively in the psychiatry and social sciences (Moeller et al. 2001) . It provides a measure of impulsive traits and can be used as a total score or broken down into three subscales: non-planning, attentional, and motor impulsivity. 5. The Shipley II (Shipley et al. 2009 ) is a test of general intellectual aptitude that includes a 40-item vocabulary test and a 20-item abstraction test. Shipley score estimates of WAIS IQ correlate highly (0.76-0.87) with actual WAIS IQ scores (Zachary et al. 1985) .
Data analyses
Salivary cortisol and cardiovascular data
All analyses were conducted using STATA statistical software, version 11 (College Station, TX). The effects of day (20 mg cortisol vs. placebo vs. non-dose/baseline) on salivary cortisol (AUCg), blood pressure, and heart rate (mean across each day) were analyzed using repeated-measures analysis of variance (ANOVA). A day by time analysis for cortisol levels was conducted on placebo and no-dose to determine if PSAP sessions altered cortisol levels. Post hoc tests were conducted using the Sidak method.
Psychometric and behavioral data
A repeated-measures ANOVA was used for PSAP data to test for main effect of dose, session, and a dose by session interaction. Two separate multiple linear regression analyses were used to test the predictive value of the model and the influence of each variable (child abuse/neglect, psychopathy, impulsivity, and baseline cortisol) on aggression as measured by (a) aggressive responses per provocation during PSAP sessions on the placebo day and (b) the total score on the BPAQ. Since aggressive responding per provocation on the PSAP was positively skewed, data were natural-log transformed. For child abuse/neglect, psychopathy, and impulsivity, the total scores on the CTQ, SRP-III and BIS-11, respectively, were used. To estimate baseline cortisol, the AUCg for the first two time points (8:30 and 9:00) was calculated for all 3 days (cortisol, placebo, no dose). The average AUCg of these 3 days was used, as Hellhammer et al. (2007) demonstrated that data from a single day are more reflective of situational factors that stable traits. Two types of analyses were conducted to assess the influence of five potentially confounding variables: SUD diagnosis, parole/probation status, race, age, and gender. Assman et al. (2000) and Pocock et al. (2002) argue that it is necessary to adjust for potential confounders if they are shown to be strong predictors of the outcome variable or if they moderate the effect of predictor variables. Accordingly, the first analysis examined the correlation between each of the five potential confounders and the two outcome variables (i.e., BPAQ score and natural-log adjusted PSAP data) using pairwise Pearson correlation (see Supplemental Materials for correlation matrix). SUD diagnosis and parole/probation status were significantly correlated with BPAQ score, but not PSAP data. Neither age, nor race, nor gender significantly correlated with the two outcome variables. For the second analysis, the two potential confounders that were significantly correlated with BPAQ (i.e., SUD diagnosis and parole/probation status) were added one at a time to the linear regression model with the four originally hypothesized predictor variables (i.e., abuse/neglect, psychopathy, impulsivity, and baseline cortisol) with BPAQ as the dependent variable. The purpose of this analysis was to determine if the addition of either potential confounder (a) increased the variance in BPAQ explained or (b) changed the predictive value of any of the four originally hypothesized variables. Neither SUD diagnosis nor parole/probation status altered the model as described above (see Supplemental Materials). Likewise, while neither variable was correlated with PSAP responding, regression models with SUD diagnosis and parole/probation status did not significantly change the regression outcomes with PSAP responding as the dependent measure. As neither variable was part of the original hypothesis, both were excluded from the final models reported in the results. Additionally, removing potential (non-significant) confounders from the model protected against running underpowered statistical analyses (Assmann et al. 2000; Pocock et al. 2002) .
HPA-axis reactivity was examined as both an outcome of abuse/neglect and a predictor of aggression. HPA-axis reactivity was calculated as the difference between AUCg on the cortisol vs. the placebo day, representing a single score for each subject. It was not included in the multiple linear regression model with the other predictor variables due to the high number of participants (22) lost to salivary cortisol contamination on the cortisol dosing day. However, CTQ was independently tested as a predictor of HPA-axis reactivity using linear regression, and HPA-axis reactivity was tested as a predictor of each metric of aggression (PSAP and BPAQ). Using the approach of Baron and Kenny (1986) , regression models were used to test the likelihood that HPAaxis (for 45 participants) reactivity to cortisol mediated the relationship between the abuse/neglect and each metric of aggression. A Sobel test was used to test significance of mediation and to evaluate the percent of the total effect that was mediated (Sobel 1982).
Results
Descriptive statistics
There were a total of 67 observations for both metrics of aggression (i.e., BPAQ, PSAP) impulsivity, psychopathy and baseline cortisol, and 45 observations for HPA-axis reactivity. Measures of central tendency and variance are shown in Table 1 .
Salivary cortisol
In the 45 participants with valid salivary cortisol data on all 3 days, one-way repeated-measures ANOVA of AUCg for cortisol level across dosing conditions (cortisol, placebo, no dose) revealed a significant main effect of dosing condition on AUCg (F 2, 43 =307.4, p<.001). Sidak post hoc tests revealed that the cortisol day was significantly different than both the placebo (p<.001) and no dose (p<.001) days, providing a manipulation check to ensure effective cortisol dosing. There was no difference between placebo and no dose days (p=.99). Measures of central tendency and variance for the cortisol data are provided in Table 2 .
In all 67 participants, a follow up two-way repeatedmeasures ANOVA for time and day (placebo and no dose) revealed no main effect of day (F 1, 66 =.08, p=.775), but an effect of time (F 5, 330 =45.4, p<.001) and a day by time Table 2 .
Behavioral Two-way repeated-measures ANOVA revealed no main effect of dosing condition (cortisol versus placebo) on aggressive responding per provocation on the PSAP, no main effect of session, and no dosing condition by session interaction (all Fs<1).
Multiple linear regression analysis
Based on the multiple linear regression analysis, the model of abuse/neglect, psychopathy, baseline cortisol, Figure 1 shows the relative impact of each individual variable on total aggression score, holding the other variables constant at their means. Table 3 presents the correlation matrix for all variables included in the model.
Abuse, HPA-axis reactivity, and aggression
To test whether individuals with greater levels of abuse/neglect had diminished HPA-axis reactivity, linear regression analysis was performed with total CTQ score as the predictor variable and HPA-axis reactivity as the dependent measure. The linear regression model was significant (F 1, 43 =4.4, p=.04), explaining 9 % of the variance of HPA-axis reactivity. Abuse/neglect was a significant predictor of HPA-axis reactivity (t=−2.1, p=.04), where individuals with higher levels of abuse/neglect had lower measures of HPA-axis reactivity (b=−.92±.44, 95 % CI, −1.8, −.04). The relationship between abuse/neglect and HPA-axis reactivity is presented in Fig. 2 . To test whether individuals with diminished HPA-axis reactivity had higher levels of aggression, two linear regression analyses were performed with HPA-axis reactivity as the predictor and (a) PSAP responding and (b) BPAQ scores as the dependent measures. Each model showed a trend toward significance: for PSAP (F 1, 43 =3.8, p=.06; 8 % VAF); for BPAQ (F 1, 43 =3.1, p=.08; 7 % VAF). In both cases, lower HPA-axis reactivity was related to higher aggression scores. Since abuse/neglect predicted HPA-axis reactivity and HPA-axis reactivity showed a trend toward predicting both PSAP responding and BPAQ score, HPA-axis reactivity could serve as a possible mediator between abuse/neglect and aggression, warranting mediation analysis.
Mediation analysis
To test for a mediating effect of HPA-axis reactivity between abuse/neglect and aggression, a Sobel test of mediation was employed. Based on the Sobel test, HPA-axis reactivity was not a significant mediator between abuse/neglect and PSAP e Total score from BPAQ f Natural-log transformed aggressive responses per provocation on the PSAP averaged across the placebo dosing day g AUCg from cortisol dosing day-AUCg from placebo dosing day (nanomole/liter/4 h) responding (z=.98, p=.33) or BPAQ score (z=.88, p=.38). However, 10 % of the total effect of abuse/neglect on PSAP was mediated by HPA-axis reactivity, and 10 % of the effect of abuse/neglect on BPAQ was mediated by HPA-axis reactivity, indicating a possible albeit modest role as a mediator. A display of the mediation steps of Baron and Kenny (1986) is provided in Fig. 2 .
Discussion
This study examined factors that contribute to the cycle of violence, with the hypothesis that child abuse and neglect lead to heightened aggression through the combination of heightened psychopathy and impulsivity and altered HPAaxis reactivity and baseline cortisol levels. A multiple regression model with four predictors (abuse/neglect, psychopathy, impulsivity, and baseline cortisol) explained 58 % of the variance in aggression as measured by BPAQ and 26 % of the variance in aggression as measured by PSAP. The present report features three novel contributions. First, this study examined the relative contributions of multiple pathways (child maltreatment, psychopathy, impulsivity, and changes to HPA-axis function) and represents the first combined examination of these variables and their predictive value with regards to aggression. Second, while other studies have used acute cortisol dosing in humans to examine aggression, none have looked at the interaction between abuse and acute cortisol effects on aggression. Third, we examined both state and trait metrics of aggression in the same sample to provide complementary data to test the present hypotheses. The results from his study provide evidence that alterations to HPA-axis reactivity contribute to the cycle of violence and that multiple pathways contribute to aggression, including child maltreatment and psychopathy. Based on linear regression models, child maltreatment served as a significant predictor of both state and trait measures of aggression. Abuse/neglect as measured by the CTQ had a positive correlation with BPAQ score and aggressive responses per provocation on the PSAP. The BPAQ measures trait aggression and is stable across time, whereas the PSAP measures state aggression that is sensitive to situational factors (e.g., degree of provocation; Cherek et al. 2003) . Thus, these metrics provide unique and complementary evidence that abuse/neglect is related to outcomes of aggression. While this cross-sectional study does not allow examination of causality, it does suggest a sequential relationship as abuse/neglect occurred prior to age 18, but aggression was not measured after age 18. Further, as many studies of the cycle of violence rely on epidemiological data (Caspi et al. 2002; Herrera and McCloskey 2001; Widom 1989) , the use of laboratory measurements of aggression offers an opportunity not only to test the relationship between child maltreatment and aggression but also to Fig. 2 a Depicts the relationship between abuse/neglect and HPA-axis reactivity. b Abuse/neglect has a significant total affect on aggression as measured by BPAQ (top) or PSAP (bottom). Although HPA-axis reactivity does not significantly mediate the relationship between abuse/neglect and either measure of aggression, it does carry 10 % of the total effect of abuse/neglect on both measures of aggression. *p <.05; **p<.01; ***p<.001 examine factors which might regulate aggression in individuals who have been exposed to maltreatment. The present results support the cycle of violence hypothesis with two metrics of aggression.
In addition to a history of maltreatment, psychopathy was also a significant predictor of aggression, but only when BPAQ served as the dependent measure. Considering the strong predictive value of SRP-III scores of psychopathy for aggression as measured by the BPAQ, it is somewhat surprising that SRP-III did not predict PSAP responding. Previous studies using laboratory measures of aggression, including the PSAP, have shown that individuals with higher levels of psychopathy have higher levels of unprovoked aggressive behavior (Nouvion et al. 2007; Reidy et al. 2011) . Since the present study did not examine an unprovoked task condition to measure aggression, and instead only employed a condition with provocations, the lack of a predictive relationship between psychopathy and PSAP score may reflect task conditions or variability in aggressive responding across the somewhat heterogeneous sample. Psychopathic traits had significant predictive value on BPAQ score. The strong correlation may reflect the measurement modality, as both BPAQ and SRP-III are trait-based self-report questionnaires. The individuals most likely to self-report aggression may also be most likely to self-report psychopathic traits.
Measurements of child maltreatment in the present study predicted altered HPA-axis reactivity such that greater childhood maltreatment corresponded to diminished HPA-axis reactivity. This complements a study by Shenk et al., which showed that maltreated females had a blunted cortisol response to a psychological stressor as adolescents, and this cortisol effect led to increased risk of crime and antisocial behavior as adults (Shenk et al. 2010 ). The present study expanded on Shenk et al. (2010) by examining the abuse-HPA-axis interaction in both genders and by using a pharmacological rather than a psychological challenge; however, the results are comparable. Maltreatment predicted a blunted HPA-axis reactivity, which predicted aggression. This finding is contrary to the conclusion Hawes et al. (2009) draw, suggesting that the relationship between HPA-axis hyporeactivity and aggression is independent of early-life adversity. Although HPA-axis reactivity did not mediate a statistically significant portion of the effect of child abuse on aggression, it did carry some of the effect, which may have reached significance with a larger sample size.
Cortisol dosing represents a tool to study the effects of abuse and neglect on the HPA-axis and the stress response. A previous study found that a single dose of 20 mg cortisol was sufficient to induce changes in aggressive responding (Bohnke et al. 2010b ). Unfortunately, this result was not replicated in the present study. The original study, however, found that cortisol only increased aggressive responding in females, not in males, thus the current results may be complicated by the small number of females in the sample. The effects of cortisol dosing may well be moderated by gender (see limitations below). Additionally, the use of a single 20-mg dose may have limited our ability to detect an effect. Successful exploration of the effects of cortisol may require multiple dose levels to examine a full a dose-response curve. Future studies should look at a wider range of cortisol doses to better understand both the effect of cortisol on aggression and the relationship between HPA-axis function, child maltreatment, and aggression.
Although other studies have found that baseline cortisol (Bohnke et al. 2010a ) and impulsivity (Cherek et al. 1997; Martin et al. 1994) were both predictors of aggressive behavior, these relationships were not significant in the present sample. The lack of a relationship between aggression and baseline cortisol may have been due to measurement time, as the first saliva sample was taken at 8:30 a.m. Peak levels of cortisol are typically present immediately after waking (Hellhammer et al. 2007) , and by measuring at 8:30 a.m., subjects likely were at different phases in their diurnal cycle. This added variability limited predictive value. A metaanalysis suggested that basal cortisol has a small effect size for aggressive behavior (Alink et al. 2008) . Accordingly, our sample size may not have been large enough to detect an effect. Similarly, the lack of a relationship between impulsivity and aggression could be a result of the tool used to measure impulsivity (i.e., BIS-11). A recent study examining the impulsivity in a group diagnosed with antisocial personality disorder similarly reported no significant relationship between BIS-11 and aggression but did find a relationship between aggression and behavioral tasks that measured impulsivity (Swann et al. 2011 ). As Swann et al. (2011) reported that inconsistencies between the relationship between impulsivity and aggression may depend on the type of measurement used (e.g., psychometric or behavioral), it is plausible that each measurement only captures a portion of the variability in the underlying impulsiveness in the sample. The lack of a relationship between impulsivity and aggression in the present sample may have resulted from the measurement tools employed.
Limitations of this study include contamination of cortisol doses, use of a relatively small sample composed mostly of males, and measurement time for baseline cortisol. Cortisol dose contamination stemmed from participants ingesting cortisol orally and also providing samples orally, via saliva. If the capsules had any cortisol on them when being swallowed, it could remain in the saliva. As the contamination was due to methodological problems (Raff and Singh 2012) , not due to characteristics of participants with contaminated samples, contamination can be considered a random event that does not bias the sample. Therefore, the participants who had contaminated samples were removed from measures of HPA-axis reactivity but were retained in the overall sample. The low number of female participants prevented a valid gender analysis. The effect of gender is important, as females exposed to maltreatment are more likely to develop antisocial externalizing behavior problems than males (Herrera and McCloskey 2001) . Future research utilizing larger samples of females will be important, as abuse and neglect may have unique or more robust effects on female development, including risk for aggressive behavior (De Bellis 2005; Herrera and McCloskey 2001) . Gender by HPAaxis interactions may reveal differential outcomes in maltreatment. Lastly, baseline cortisol was measured beginning at 8:30 a.m., and we were unable to experimentally regulate time of awakening. Obtaining cortisol samples in the morning may have also introduced more variance into the measurements, as morning cortisol release is relatively more volatile than afternoon cortisol release. Future studies may obtain more stable measurements of cortisol by having subjects provide samples at home upon awakening or conducting study procedures in the afternoon.
This study is novel in investigating the cycle of violence and the mediating effects of HPA-axis in child abuse and adult aggression in humans. The results suggest that abuse and neglect present a significant risk factor for aggressive behavior and that a (perhaps modest) portion of this risk may be conferred by changes in HPA-axis reactivity. Additionally, psychopathic traits present a significant risk factor that may operate in concert with childhood maltreatment to confer additional risk for aggressive and violent behavior. Overall, the four-factor model predicted a significant portion of the variance in both state and trait total aggression and suggested that the pathways represented in the model have a moderate effect size. The outcomes should encourage replication and extension of research on the processes involved in the cycle of violence, especially as it relates to psychopathic traits and HPA-axis function. Research using different or complementary methodologies may provide further understanding of key factors in the cycle of violence and their interactions. Ultimately, better understanding may translate into successful prevention and treatment strategies for abused and neglected youth.
